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(§) Data channel scheduling discipline arrangement and method. 



(§7) This invention is a method of and apparatus 
for implementing a service scheduling discip- 
line to enable data devices efficient access to 
data resources. This method is based on sorting 
the received incoming data to a plurality of 
cycle queues (507-509) and transmitting data by 
sequentially serving each cycle queue exhaus- 
tively. Data that cannot be placed in the cycle 
queues is temporarily placed in an overflow 
queue (510). The overflow queue data is subse- 
quently sorted into the cycle queues and trans- 
mitted. 
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Technical Field 

This invention relates to slotted packet data sys- 
tems, and more particularly, to a scheduling discipline 
for providing data devices access to such systems. 

Background of the invention 

Scheduling disciplines are necessary to resolve 
access contention whenever multiple data devices io 
(terminals, computers, trunks, etc.) desire access to 
data resources (networks, buses, trunks, etc.). Provi- 
ding good service in sharing such resources is closely 
tied to using an appropriate scheduling discipline. 

One type of scheduling discipline, called the first- is 
come, first-served, resolves contention by queuing 
units of data for service in the order they are received. 
Another type called the head-of-the-line round-robin 
scheduling discipline sets up separate queues for 
separate channels and gives one or more quanti of 
service during each visit to a channel having out- 
standing data service requests. 

In homogeneous networks, where each data 
device is given the same priority, the scheduling dis- 
cipline should treat each data device fairly. In 
heterogeneous networks, where data devices have 
different priorities, fairness in the scheduling discip- 
line is more difficult to achieve. A scheduling discip- 
line, to be appropriate, may require differentiated 
treatment according to the priority class of data 
devices connected to the resource, while providing 
fair treatment for all data devices within any given 
priority class. 

As a consequence of these requirements, the 
prior art first-come-first-served scheduling discipline 
does not operate fairly while the round-robin schedul- 
ing discipline is complicated and requires the use of 
very large memory. Thus, there is a continuing need 
to improve the operation of scheduling disciplines. 

Summary of the Invention 

The present invention provides an improved 
scheduling discipline for interfacing data batches of a 
multichannel data signal to a communication facility. 
According to the invention, information identifying one 
or more data packets of each data batch is sorted into 
one or more of a plurality (N) of cycle queues, such 
that for each data batch, no information identifying 
more than a predetermined number (P) of data pack- 
ets from a particular channel is inputted into each 
cycle queue. Each cycle queue is then cyclically ser- 
ved exhaustively by outputting the identified data 
packets to the facility. 

In accordance with another feature of the present 
invention, information is sorted to an overflow queue 
after each cycle queue is saturated (that is, after all 
cycle queues are full or after each cycle queue con- 



tains information identifying P data packets from a 
particular channel). Subsequently, the information in 
the overflow queue is sorted into one or more cycle 
queues such that no information identifying more than 
5 P data packets from a particular data channel is input- 
ted into the one or more cycle queues. According to 
yet another feature, the overflow queue is sorted into 
at least a first cycle queue after that cycle queue has 
been exhaustively served. 

In one embodiment of the invention, the identifi- 
cation information is a pointer which identifies a loca- 
tion in memory where the data packet(s) themselves 
are stored. In another embodiment, the identification 
information is the data packet(s) themselves. 

The invention approximates the service achieved 
by a head-of-the-line round-robin scheduling discip^ 
line while requiring significantly-reduced complexity 
and memory size. By sorting the incoming data into 
cycle queues, the present invention allows for foil 
20 sharing of memory resources among all channels and 
among all priority levels. It also reduces processing 
and pointer overhead below that required by imple- 
mentation at a head-of-the-line round-robin discipline 
using separate queues for separate channels. 
25 Moreover, a priority service level indicator associated 
with each channel enables a user to determine the 
number of packets P from a channel that are served 
during each cycle. 

30 Brief Description of the Drawing 
In the drawing, 

FIG. 1 illustratively shows the application of the 
present invention in a multiple switching node 
35 data network; 

FIG. 2 shows a trunk interface used to connect a 
trunk to switching nodes; 

FIG. 3 shows an illustrative time slot of a slotted 
packet system and how a long data message is 
40 segmented into several slots for transmission; 

FIG. 4 shows a functional block diagram of a 
receiver/transmitter pair of a trunk interface of 
FIG. 2; 

FIG. 5 shows, illustratively, operation units of a 
45 receiver/transmitter pair of a trunk interface use- 

ful in describing the present invention; 

FIGS. 6-8 show operational flow diagrams of the 
system which describe the operation, respect- 
ively, at the receiver, transmitter and overflow 
so queue sorter; 

FIG. 9 depicts the state of the system after the 
arrival at the receiver of an illustrative batch of 
messages; 

FIG. 10 depicts the state of the system after the 
55 transmitter has served the first cycle queue; 

FIG. 1 1 depicts the state of the system after the 
transmitter has served the overflow queue sorter; 
FIG. 12 depicts the state of the system after the 
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transmitter has served the second cycle; 

FIG. 13 depicts the state of the system after the 
transmitter has served the overflow queue sorter 
the second time; 

FIG. 14 depicts the state of the system after the 
transmitter has served the third cycle; 

FIG. 15 depicts the state of the system after the 
transmitter has served the overflow queue sorter 
the third time; 

FIG. 16 depicts the state of the system after the 
arrival of a single packet; 

FIG. 17 depicts the state of the system after the 
transmitter has served the fourth cycle; 

FIG. 18 depicts the state of the systenm after the 
transmitter has served the overflow queue sorter 
the fourth time; 

FIG. 19 depicts the state of the system after the 
transmitter has served the fifth cycle; and 
FIG. 20 depicts the state of the system after the 
transmitter has served the sixth cycle. 

Detailed Description 

In the following description, the first digit of refer- 
ence number of an item or flow chart step indicates 
the figure where that item is located (i.e., item 101 is 
located in FIG. 1). 

Shown in FIG. 1 is an illustration of an application 
of the present invention in a data network system 
including apparatus such as access apparatus or sta- 
tions 101, switching nodes (e.g., 110-115) and trunks 
103. A switching node (e.g., 110) consists of access 
interfaces, (e.g., 120-123) trunk interfaces (e.g., ISO- 
135) and a backplane (e.g., 140, 141). 

The access stations 101 could be PCs, works- 
tations, hosts, supercomputers, bridges, routers, 
gateways, PBXs, digital video cameras, video moni- 
tors, real time monitoring devices, etc. In fact, the 
access stations 101 could be any device that gener- 
ates digital information. The access technology used 
to communicate between the access stations and the 
access interfaces (e.g., 120) could be point-to-point 
links, multi-point links, local area networks, radio net- 
works, switched services, etc. 

The access interfaces usually perform the neces- 
sary steps to: receive data from the access station 
and, using an appropriate scheduling discipline, 
deliver it to the backplane; receive data from the back- 
plane and appropriately deliver it to the access sta- 
tion. The necessary steps could include segmentation 
and reassembly of packets, address translation, pro- 
tocol termination, buffering, scheduling, etc. 

The trunk interfaces (e.g., 130, 132) perform the 
necessary steps to: receive data from the trunk and, 
using an appropriate scheduling discipline, deliver it 
to the backplane (e.g., 140, 141); receive data from 
the backplane and appropriately deliver it to the trunk. 
The necessary steps could include segmentation and 



reassembly of packets, buffering, scheduling, etc. 
The trunks may utilize various Time Division Multi- 
plexing (TDM) fomats. The trunks could be point-to- 
point or multi-point trunks. Multi-point trunks could be 
5 a bi-directional bus, a looped unidirectional bus, a ring 
bus, etc. All types of trunks could be implemented 
using a variety of transmission facilities, using any 
appropriate data speed and modulation scheme, 
using fiber, copper or air as the transmission medium. 
io Different trunks do not have to be identical; they can 
utilize different transmission media each using diffe- 
rent modulation schemes. Moreover, different seg- 
ments of a common multi-point trunk, just like different 
trunks, do not have to be identical. 
is The backplane (e.g., 140) could be any device 

that performs switching or routing of packets (e.g., 
slotted bus, ATM switching fabrics, etc.). The back- 
plane receives data from one access or trunk inter- 
face and delivers it to another access or trunk 
20 interface. 

The system illustrated in FIG. 1 is, illustratively, 
representative of a general data network which may. 
include Local Area Networks (LANs), Metropolitan 
Area Networks (MANs) and Wide Area Networks 
25 (WANs). All of these systems exhibit the previously- 
recited problems, namely increasing the efficiency of 
use of shared resources without incurring excessive 
complexity increase. Generally, the operation of the 
present invention is described as follows. Data pack- 
30 " ets received from access stations arrive at the back- 
plane. The data packets are sorted into one or more 
of a plurality (N) of cycle queues such that no more 
than a predefined number P of data packets from a 
particular access station are stored in any particular 
35 cycle queue. When all the N cycle queues are full or 
saturated (i.e., containing P data packets from a par- 
ticular access station) newly-received data packets 
are stored in an overflow queue. The cycle queues are 
then served to exhaustion (i.e., emptied). After each 
40 cycle queue is served, the head-of-the-line data pack- 
ets from the overflow queue are sorted into that cycle 
queue and other cycle queues, in the same manner 
as previously described for the newly arriving data 
packets. 

45 Operating in this manner, the invention is particu- 

larly well-suited to make efficient use of buffer mem- 
ory in the access and trunk interfaces. Of great 
relevance is the case where all the data segmentation 
into fixed size data cells (typically equal to a time slot 
so of a TDM trunk) occurs at the access interfaces so that 

the switching, as well as the trunking scheduling, is 
perfoimed on a per cell basis. Note that in the follow- 
ing description, the word "cell 0 is used interchange- 
ably and equivalently to the word "packet". 

55 Shown in FIG. 2 is an illustrative block diagram of 

a connection of two switching nodes 110 and 111 
through a trunk 103. For the sake of simplicity, the 
trunk 103 is assumed to be a bi-directional bus com- 
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prising two unidirectional buses 210 and 220. There 
is one trunk interface at each end of the trunk. Each 
trunk interface (e.g., 130) includes a 

receiver/transmitter pair at each potential contention 
point, i.e. t at the transition from backplane to trunk 5 
(e.g., 201) and from trunk to backplane (e.g., 202) in 
both directions. Thus, signals from node 110 travel via 
backplane 140 receiver/transmitter pair 201, trunk 
103, receiver/transmitter 203 to backplane 141 of 
node 111. Signals from node 111 travel via backplane io 
141, receiver/transmitter 204, trunk 103, 

receiver/transmitter 202 to backplane 140 of node 

110 . 

With reference to FIG. 3, we describe an illustra- 
tive slot of a slotted packet signal which may be 15 
utilized for transmitting data over trunk 1 03 of the data 
network of FIG. 1 . Note the slotted packet signal may 
be, for example, a Time Division Multiplex (TDM) sig- 
nal. The format, illustratively, may be the IEEE 802.6 
protocol. The time slot 301 (TS1) includes a header 20 
302, payload section 303 and a trailer 304. The 
header 302 (sometimes further divided into header 
and adaptation layer) may carry multi-user access 
information (e.g., access control field), address infor- 
mation (e.g., virtual circuit identifier), message identi- 25 
fication (e.g., MID), priority information, etc. The trailer 
304 may carry error detection/correction information 
(e.g., cyclic redundancy code-CRC), etc. The payload 
303 can be used to carry several types of data in a var- 
iety of message sizes. Variable size messages 305, 30 

(usually much larger than a slot) are segmented into 
several packets (311-313) which are, illustratively, 
transmitted in the payload section of several consecu- 
tive time slots TS1-TS3. Connection less- type mes- 
sages usually cry complete source/destination 35 
address information that can be used for routing or for 
scheduling decisions. Connection-oriented mes- 
sages rely on the existence of a circuit (e.g., virtual cir- 
cuit identifier) for routing or scheduling decisions. 
Channel identification can be defined in an approp- 40 
riate way: for example, connection-oriented packets 
(i.e., time slots) from different virtual circuits and con- 
nectionless packets from different source addresses 
can all be assigned to different channels. 

While the operation of the present invention will 45 
be described with reference to uni-directional data 
flow along bus 210, it should be noted that data flow 
in the opposite direction takes place in a similar man- 
ner. We restrict ourselves in describing the operation 
of the trunk interface only for carrying connectionless so 
traffic. 

In a connectionless scenario, a data batch, which 
includes one or more data packets, could include 
parts of a message (e.g., 305) or several messages. 
Furthermore, a data packet could be of a fixed size ss 
(i.e., a fixed number of data bits) or of a variable size 
(i.e., a variable number of data bits). In applications 
other than for connectionless networks, data batches 



and data packets can be formed of data bits repre- 
senting digital representations of voice or video infor- 
mation. 

Shown in FIG. 4 is a functional block diagram of 
a receiver/transmitter pair 201 of trunk interface 130 
of FIG. 2. Transmission takes place in the direction 
from switching node 110 to trunk 103. There is an 
input from the backplane 140 into trunk interface 130 
and the received data is stored at the receiver buffer 
401. As soon as the header of an incoming packet 
(e.g., 311) has been received, the receiver controller 

402 verifies if the incoming cell is a Beginning of Mes- 
sage (BOM), a Continuation of Message (COM) or an 
End of Message (EOM). If the incoming packet is 
found to be a BOM, the receiver controller 402 waits 
until the Message Identifier (MID), in the adaptation 
layer, and the destination address, in the data field, 
have been received. The receiver controller 402 then 
checks, in a well-known manner, in the routing table 

403 to determine if the destination address can be 
reached through this trunk. If that particular desti- 
nation address is found in the routing table 403, the 
corresponding Channel Identifier (CID) is calculated 
and assigned to the packet's MID in table 404. Other- 
wise, the received packet is disregarded. If the incom- 
ing packet is found to be a COM or an EOM, its 
corresponding channel identifier is retrieved from 
table 404. If the retrieved channel identifier is not valid 
(e.g., equals to FFFF hex), the packet is disregarded. 
If the incoming packet is found to be an EOM and the 
channel identifier is valid, an invalid channel identifier 
is assigned to the packet’s MID in table 404. 

Once the channel identifier associated with a 
packet is found, the receiver controller is ready to 
schedule the transmission of that packet. The 
receiver controller 402 retrieves and updates all the 
state information with respect to the channel identifier 
(i.e., registers 405, 406, 407, 408, 409, 410) to deter- 
mine the identifier information (i.e., a pointer to a 
memory location where the packet should be stored). 
That identifier information is passed to the receiver 
Direct Memory Access (DMA) device 411 and the 
packet is appropriately stored in one of the N cycle 
queues (507-509) or the overflow queue 510 (as dis- 
cussed later) in memory 412. 

Once it is time for the transmission of a packet, 
the transmitter 41 3 retrieves and updates all the state 
information with respect to the packet to be transmit- 
ted. The transmitter controller 413 passes the iden- 
tifier information (i.e., a pointer to one or more data 
packets) to the transmitter DMA device 414 and the 
appropriate packet(s) is transferred to the transmitter 
buffer 415. The packet(s) is then transmitted onto the 
trunk. 

In this manner, the transmitter controller 413 
sequentially serves all of the cycle queues (507-509) 
each to exhaustion. Every rime the transmitter con- 
troller 413 exhausts a cycle queue, the overflow 
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queue sorter is activated, and the head of the line in 
the overflow queue is repeatedly served and placed 
in the cycle queues, in a way similar to how the 
receiver controller 402 handles arriving packets. The 
transmitter controller 41 3 serves the next cycle queue 
either when all cycle queues are saturated with pack- 
ets from the same channel as the packet currently at 
the head of the overflow queue or when some other 
predetermined event has taken place. Such a pre- 
determined event may be, for example, when the 
transmit buffer41 5 becomes empty, in which case the 
transmitter controller 413 immediately transfers a 
packet to the transmit buffer 415 so the trunk or bus 
210 remains utilized. 

The functional blocks shown in FIG. 4 can be 
implemented using one or more integrated circuit 
chips using well-known Complementary Metal Oxide 
Semi-Conductors (CMOS), Very Large Scale Inte- 
grated (VLSI), Emitter Coupled Logic (ECL) or hybrid 
circuit technology. It is anticipated that other embodi- 
ments using any well-known semi-conductor technol- 
ogy can be utilized. The interface to the receiver buffer 
can be an optical integrator, a matched filter or any 
appropriate devjce for the combination of the back- 
plane physical media and the modulation. The 
receiver buffer 401 can be made using shift registers 
or very fast Random Access Memory (RAM). The 
receiver controller 402 and the transmitter controller 
413 can be built using a VLSI circuit-implemented 
finite state machine, a Reduced Instruction Set Con- 
troller (RlSC)-based microprocessor or any conven- 
tional microprocessors. The registers 405, 406, 407, 

408, 409 and 41 0 as well as the data memory 41 2, can 
be made using very fast RAM . 

FIG. 5 shows, symbolically, the various operating 
units of the system which is helpful in understanding 
the illustrative embodiment of the invention. The 
algorithm utilized by the present invention requires a 
receiver server, or sorter, 51 1 ; a transmitter server 
512; N cycle queues (CQ) 507 to 509; one overflow 
queue (OQ) 510; and several per channel pointers 
including receive pointer (RP) 501 , cycle counter (CC) 

502, overflow counter (OC) 503, priority register (PR) 

504, cyde register (CR) 505, and a transmit pointer 
(TP) 506. 

Pointer 501 corresponds to the receive pointer 
(RP), which is used by an overflow queue sorter in 
receiver server 511 to decide in which cycle queue 
507-509 a packet (i.e., a time slot) from a particular 
channel is to be placed. Pointer 502 corresponds to so 
the cyde counter (CC); its purpose is to count the 
number of packets from each channel stored in the 
ensemble of cyde queues 507-509. Pointer 503 cor- 
responds to the overflow counter (OC); its purpose is 
to count the number of packets from each channel 55 
stored in the overflow queue. Pointer 504 corres- 
ponds to the priority register (PR); it stores preassig- 
ned values of channel proportional priority. Pointer 



505 corresponds to the cyde register (CR); its pur- 
pose is to count the number of packets from each 
channel stored in the cycle queue that is currently 
identified by RP. Pointer 506 corresponds to the 
transmit pointer (TP); it is used by a selector in trans- 
mitter 51 2 to decide from which of the N cyde queues, 
507-509, to select a packet. 

Receiver 511 receives a plurality of communi- 
cation channels over one or more facilities 513. 
Receiver 51 1 distributes or sorts time slot data from 
a given channel to either an associated one of the N 
cyde queues 507 to 509, or to overflow queue 510. 
Transmitter 512 collects time slot data from the N 
cyde queues 507 to 509. Receiver 511, transmitter 
512 or an independent processor then sorts the time 
slot data from overflow queue 510 to the N cycle 
queues 507 to 509. Transmitter 512 then transmits 
the time slot data for each channel over one of the one 
or more facilities 514. Note that the N cyde queues 
507 to 509 and the overflow queue 510 may contain 
actual received data or a list of pointers to the actual 
location of data in the system memory. 

Note that in an actual application, all these 
queues (i.e., N cyde queues 507 to 509 overflow 
queue 510) are finite. In that case, in order to minimize 
data loss when tiie selected cyde queue happens to 
be full, the information identifying data or the data 
packets themselves can be placed in another avail- 
able cycle queue or in the overflow queue instead of 
being discarded or dropped. Additionally, when the 
system memory is nearly full, i.e., it has reached a pre- 
determined occupancy threshold, new messages 
received by the system may be discarded so as to 
diminish the chances of discarding the remaining 
parts of messages that already have been received by 
the system. 

FIGS. 6, 7, and 8 depict operational flow diag- 
rams which describe the operation of the receiver 
511, transmitter 512 and the overflow queue sorter 
510, respectively. 

In the operational description we utilize the follow- 
ing nomenclature. For channel n, we let RP(n) denote 
the value of the Receiver Pointer, CC(n) denote the 
value of the cycle counter, OC(n) denote the value of 
the overflow counter, PR(n) denote the value of the 
priority register, and CR(n) denote the value of the 
cyde register. 

Using the trunking algorithm shown in FIG. 5, a 
situation may occur where the system may attempt to 
place more than P data packets from a particular data 
channel into one cycle queue. To avoid that event, a 
procedure like that in FIG. 6 is implemented as exp- 
lained shortly. For example, if there are no data pack- 
ets from a particular channel in the system, then the 
system may assume that no data packet from that 
data channel has been transmitted in the current 
cyde. However, the following sequence could also 
have happened, namely, a data packet from channel 
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i arrives, a data packet from channel j arrives and then 
another data packet from channel i arrives after the 
first packet from channel i has already been served or 
transmitted. Note that when this event occurs, the 
transmit pointer and the receive pointer for data chan- 
nel i will have the same value. Therefore, if when a 
data packet from channel i arrives and finds the sys- 
tem empty of data packets from channel i, step 604, 
and if the receive pointer 501 is equal to the transit 
pointer 506, very likely the above-mentioned event 
would have happened. In that case, the data packet 
may be placed in the next cycle queue, steps 605, 607 
and 609. However, this may generate another prob- 
lem since it could be that the transmit and receive 
pointers are equal by pure chance. In that case, one 
can minimize the probability of such a “pure chance" 
event happening by making the state space (i.e., the 
number of possible values of the transmit and receive 
pointers) very large and not closely tied to the number 
N of cycle queues. This is achieved by making the 
number of possible values for the transmit and 
receiver pointers equal to M, with M being an integer 
multiple of N. Thus, the transmit and receive pointers 
are essentially modulo M counter. Therefore, the 
probability of misplacing a data packet becomes 
equal to one over M which can be made as small as 
desired by increasing M accordingly. 

Illustratively, consider a case where there are 
three cycle queues (i.e., N=3), PR(n)=1 for all values 
of n not equal to m and when n=m then PR (m) = 2. 
What this means is that the system handles one 
packet of data from each channel i, j and k but handles 
two packets at a time from channel m. Thus, channel 
m data is given priority over data from channels i, j and 
k. The assignment of values of PR(n) is based on the 
desire to differentiate the service of any particular 
channel relative to others. The value PR(n) can be 
used to identify classes of services so that a premium 
can be charged to data channels for the preferred ser- 
vice, i.e., a higher data transmission rate. 

Assume, during our illustrative time period of 
observation, that a batch formed by packets from 
channel i (i.e., i 1f i 2 , i 3 , U is, U and i 7 ), packets from 
channel j (i.e., j 1t j 2 , j 3 and j 4 ), a packet from channel 
k (i.e., kO and packets from channel m (i.e., m 1f rr^, 
m 3 and m 4 ), arrive to the receiver 511 in the following 
order. i 1t i 2 , Ut U. U» *e> * 7 * ji» h* ki, j 3 > U* m i» m 2 » m 3 a °d 
m 4 . The packets i 1 - \j represent a batch from channel 
i, the packets ji j 2 represents batch from channel], the 
packet ki represents a packet from channel j, the 
packets j 3 j 4 represent a second batch from channel j 
and mi - nrv represent a batch from channel m. Note 
each packet of data represents a fixed number of data 
bits, typically, each packet of data is equal in size to 
a time slot of the slotted packet facility used to trans- 
port the data. We also assume that the system is 
empty (i.e., there are no packets in the system and all 
pointers are set at zero) at the time the batch with 



messages arrives. 

In step 601, the first packet, packet i 1f arrives at 
receiver 51 1 . A test is performed in step 602 to check 
if OC(i)=0. Since there are no packets from channel i 

5 in the overflow queue 510, the answer is yes and 
another test is performed, step 604, to check if 
CC(i)=0. Since there are no packets from channel i in 
the cycle queues 507-509, the answer is yes and 
another test is performed, step 605, to check if 

id RP(i)=TP. Since all pointers are set to zero at this 
point, the answer is yes and another test is performed, 
step 607, to check if CR(i)<PR(i). Since no packets 
from channel i have been placed in the cycle queue 
pointed by RP(i), therefore CR(i)=0 is less than PR(i), 
15 which has been set to one; the answer is yes and step 
608 is performed. Packet \y is therefore placed in the 
cycle queue pointed by RP(i), which is cycle queue 
#0, 507 (as shown in FIG. 9), arid the values of CC(i) 
and CR(i) are incremented to 1. The above-described 
20 process is repeated when each packet arrives at 
receiver 511. 

Packet i 2 arrives to receiver 511 in step 601. In 
step 602, a test is performed to check if OC(i)=0. 
Since there are no packets from channel i in the over- 
25 flow queue 51 0, the answer is yes and step 604 is per- 
formed to check if CC(i)=0. Since there is one packet 
from channel i in the cycle queues (i.e., 507) the 
answer is no, and step 610 is performed to check if 
CR(i)<PR(i). Since one packet from channel i has 
30 been placed in the cycle queue pointed by RP(i), 
CR(i)=PR(i)=1 ; the answer is ho and step 61 1 is per- 
formed to check if RP(i)=TP+2. Since RP(i)=0 and 
TP+2=2, the answer is no, step 609 is performed. 
RP(i) is incremented to one, CR(i) is assigned the 
35 value of one, packet i 2 is placed in the cycle queue 
pointed by RP(i), which is cycle queue #1, 508, (as 
shown in FIG. 9), and the value of CC(i) is incremen- 
ted to 2. 

Packet ^ arrives to receiver 511, in step 601. A 
40 test is performed, step 602, to check if OC(i)=0. Since 
there are no packets from channel i in the overflow 
queue 510, the answer is yes and step 604 is perfor- 
med to check if CC(i)=0. Since there are two packets 
from channel i in the cycle queues the answer is no, 
45 and step 610 is performed to check if CR(i)<PR(i). 
Since one packet from channel i has been placed in 
the cycle queue pointed by RP(i), CR(i)=PR(i)= 1 ; the 
answer is no and step 611 is performed to check if 
RP(i)=TP+2. Since RP(i)=1 and TP+2=2, the answer 
so is no and step 609 is performed. RP(i) is incremented 
to two, CR(i) is assigned the value of one, packet i 3 is 
placed in the cycle queue pointed by RP(i), which is 
cyde queue #2, 509 (as shown in FIG. 9), and the 
value of CC(i) is incremented to 3. 

55 Packet U arrives to receiver 511, in step 601. A 

test is performed, step 602, to check if OC(i)=0. Since 
there are no packets from channel i in the overflow 
queue, the answer is yes and step 604 is performed 
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to check if CC(i)=0. Since there are three packets from 
channel i in the cycle queues the answer is no, and 
step 610 is performed to check if CR(i)<PR(i). Since 
one packet from channel i has been placed in the 
cycle queue pointed by RP(i), CR(i) =PR(i)=1; the 
answer is no and step 611 is performed to check if 
RP(i)=TP+2. Since RP(i)=2 and TP+2=2, the answer 
is yes and step 603 is performed. Packet i 4 is placed 
in the overflow queue 510 (as shown in FIG. 9), and 
the value of OC(i) is incremented to 1. 

Packet i 5 arrives to the receiver 51 1 , in step 601 . 

A test is performed, step 602 to check if OC(i)=0. 

Since there is one packet from channel i in the over^ 
flow queue 510, the answer is no and packet i 6 is 
placed in the overflow queue, 510, and the value of 
OC(i) is incremented to 2. 

Packet i 6 arrives to the receiver 51 1 in step 601 . 

A test is performed, step 602, to check if OC(i)=0. 

Since there are two packets from channel i in the over-, 
flow queue 510, the answer is no and packet i 6 is 
placed in the overflow queue 510, and the value of 
OC(i) is incremented to 3. 

Packet i 7 arrives to the receiver, 51 1 , in step 601 . 

A test is performed, at step 602, to check if OC(i)=0. 

Since there are three packets from channel i in the 
overflow queue 510, the answer is no and packet i 7 is 
placed in the overflow queue, 510, and the value of 
OC(i) is incremented to 4. 

Packet j-j arrives to the receiver 511, in step 601 . 

A test is performed, step 602, to check if OC(j)=0. 

Since there are no packets from channel j in the over- 
flow queue 31 0, the answer is yes and step 604 is per- 
formed to check if CC(j)=0. Since there are no packets 
from channel j in the cycle queues, the answer is yes 
and step 605 is performed to check if RP(j)=TP. Since 
all pointers are set to zero at this point, the answer is 
yes and step 607 is performed to check if CR(j)<PR(j)- 
Since no packets from channel j have been placed in 
the cycle queue pointed by RP(j) (i.e., 507), therefore 
CR(j)=0 is less than PR(j), which has been set to one; 
the answer is yes and step 608 is performed. Packet 
ji is, therefore, placed in the cycle queue pointed by 
RP(j). which is cycle queue #0, 507, and the values of 
CC(j) and CR(j) are incremented to 1. 

Packet j 2 arrives to the receiver 51 1 , in step 601 . 45 

A test is performed, step 602, to check if OC(i) = 0. 

Since there are no packets from channel j in the over- 
flow queue 51 0, the answer is yes and step 604 is per- 
formed to check if CC(j)=0. Since there is one packet 
from channel j in the cycle queues the answer is no, so 
and step 610 is performed to check if CR(j)<PR(j). 

Since one packet from channel j has been placed in 
the cycle queue pointed by RP(j), CR(j)=PR(j)=1 ; the 
answer is no and step 61 1 is performed to check if 
RP(j)=TP+2. Since RP(j)=0 and TP+2=2, the answer 55 
is no, and step 609 is performed. RP(j) is incremented 
to one, CR(j) is assigned the value of one, packet j 2 
is placed in the cycle queue pointed by RP(j). which 



is cycle queue #1, 508, and the value of CC(j) is incre- 
mented to 2. 

Packet arrives to the receiver 51 1, in step 601. 
A test is performed, step 602, to check if OC(k)=0. 
Since there are no packets from channel k in the over- 
flow queue, the answer is yes and step 604 is perfor- 
med to check if CC (k)=0. Since there are no packets 
from channel k in the cycle queues, the answer is yes 
and step 605 is performed to check if RP(k)=TP. Since 
all pointers from channel k are set to zero at this point 
the answer is yes and step 607 is performed to check 
if CR(k)<PR(k). Since no packets from channel k have 
been placed in the cycle queue pointed by RP(k), 
therefore CR(k)=0 is less than PR(k), which has been 
set to one; the answer is yes and step 608 is perfor- 
med. Packet^ is, therefore, placed in the cycle queue 
pointed by RP(k), which is cycle queue #0, 507, and 
the values of CC(k) and GR(k) are incremented to 1 . 

Packet j 3 arrives to the receiver 51 1, in step 601; 
A test is performed, at step 602, to check if OC(j)=0. 
Since there are no packets from channel j in the over- 
flow queue, the answer is yes and step 604 is perfor- 
med to check if CC(j)=0.Since there are two packets 
from channel j in the cycle queues the answer is no, 
and step 610 is performed to check if CR(j)<PR(j). 
Since one packet from channel j has been placed in 
the cycle queue pointed by Rf(j), CR(j)=PR(j)=1; the 
answer is no and step 611 is performed to check if 
RP(j)=TP+2. Since RP(j)=1 and TP+2=2, the answer 
is no and step 609 is performed. RP(j) is incremented 
to two, CR(j) is assigned the value of one, packet j 3 is 
placed in the cycle queue pointed by RP(j). which is 
cycle queue #2, 509, and the value of CC(j) is incre- 
mented to 3. 

Packet j 4 arrives to the receiver 51 1, in step 601 . 
A test is performed, at step 602, to check if OC(j)=0. 
Since there are no packets from channel j in the over- 
flow queue, the answer is yes and step 604 is perfor- 
med to check if CC(j)=0. Since there are three packets 
from channel j in the cycle queues the answer is no, 
and step 610 is performed to check if CR(j)<PR(j). 
Since one packet from channel j has been placed in 
the cycle queue pointed by RP(j), CR(j)=PR(j)=1; the 
answer is no and step 611 is performed to check if 
RP(j)=TP+2. Since RP(j)= 2 and TP+2=2, the answer 
is yes and step 603 is performed. Packet U is placed 
in the overflow queue 510, and the value of OC(j) is 
incremented to 1. , 

Packet ith arrives to the receiver 51 1 , in step 601 . 
A test is performed, step 602, to check if OC(m)=0. 
Since there are no packets from channel m in the 
overflow queue, the answer is yes and step 604 is per- 
formed to check if CC(m)= 0. Since there are no pack- 
ets from channel m in the cycle queues, the answer 
is yes and step 605 is performed to check if 
RP(m)=TP. Since all pointers are set to zero at this 
point, the answer is yes and step 607 is performed to 
check if CR(m)<PR(m). Since no packets from chan- 
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nel m have been placed In the cycle queue pointed by 
RP(m), therefore CR(m)=0 is less than PR(m), which 
has been set to two; the answer is yes and step 608 
is performed. Packet nr^ is, therefore, placed in the 
cycle queue pointed by RP(m), which is cycle queue 5 
#0, 507, and the values of CC(m) and CR(m) are 
incremented to 1. 

Packet nr^ arrives to the receiver 511, in step 601. 

A test is performed, step 602 to check if OC(m)=0. 

Since there are no packets from channel m in the io 
overflow queue, the answer is yes and step 604 is per- 
formed to check if CC(m)= 0. Since there is one 
packet from channel nm in the cycle queues the 
answer is no, and step 610 is performed to check if 
CR(m)<PR(m). Since one packet from channei m has is 
been placed in the cycle queue pointed by RP(m), 
CR(m)=1 and PR(m)=2; the answer is yes and step 
608 is performed. Packet m 2 is, therefore, placed In 
the cycle queue pointed by RP(m), which is cycle 
queue #0, 507, and the values of CC(m) and CR(m) 20 
are incremented to 2. Since both packet n^ and nr^ 
are stored in cycle queue #0, 507, channel m will be 
served at a priority rate which is two times the data 
rate of other channels i, j and k. 

Packet m3 arrives to the receiver 51 1 , in step 601 . 25 

A test is performed, step 502, to check if OC(m)=0. 

Since there are no packets from channel m in the 
overflow queue, the answer is yes and step 604 is per- 
formed to check if CC(m)=0. Since there are two pack- 
ets from channel m in the cycle queues the answer is 30 
no, and another test is performed, step 610, to check 
if CR(m)<PR(m). Since two packets from channel m 
have been placed in the cycle queue pointed by 
RP(m), CR(m)=PR(m)=2; the answer is no and 
another test is performed, at step 611, to check if 35 
RP(m)=TP+2. Since RP(m)=0 and TP+2=2, the 
answer is no and step 609 is performed. RP(nm) is 
incremented to one, CR(m) is assigned the value of 
one, packet m 3 is placed in the cycle queue pointed 
by RP(m), which is cycle queue #1 , step 508, and the 40 
value of CC(m) is incremented to 3. 

Packet nv arrives to the receiver 51 1 , in step 601 . 

A test is performed, step 602, to check if OC(m)=0. 

Since there are no packets from channel m in the 
overflow queue, the answer is yes and another test is 45 
performed, step 604, to check if CC(m)=0. Since there 
are three packets from channel m in the cycle queues 
the answer is no, and another test is performed at step 
610 to check if CR(m)<PR(m). Since one packet from 
channel m has been placed in the cycle queue pointed so 

by RP(m), CR(m)=1 , PR(m)=2; the answer is yes and 
step 608 is performed. Packet m* is, therefore, placed 
in the cycle queue pointed by RP(m), which is cycle 
queue #1, 508, the value of CC(m) is incremented to 
4 and the value of CR(m) is incremented to 2. ss 

FIG. 9 depicts the state of the system at the end 
of the batch arrival. Pointers 501, 502, 503, 504, 505 
and 506 depict, for the relevant channels (i.e., i, j, k 



and m), the values of the receive pointer, cycle 
counter, overflow counter, priority register, cycle regi- 
ster and transmit pointer, respectively. Items 507, 508 
and 509 depict the cycle queues #0, #1 and #2, (i.e., 
507, 508 and 509) respectively with the packets 
stored in them. Overflow queue OC, 510, is shown 
with the packets stored in it 

The transmitter 512 had initiated the transmit 
pointer 506 to zero at startup, step 601 . The transmit- 
ter then checks, at the beginning of service epoch 
(i.e., beginning of an outgoing slot), at 702 if the cycle 
queue pointed by the transmit pointer (i.e., CQ#TP or 
CQ(O)) is empty. After the arrival of the above des- 
cribed batch, the transmitter 512 will find the system 
not empty. Consequently, at 703, the transmitter 512 
serves the packet at the head of the line in cycle 
queue 507 pointed by the transmit pointer. Packet i t 
is transferred to the outgoing time slot on facility 514, 
CC(i) is decremented to 2 and another test is perfor- 
med, step 704, to check if the cycle queue pointed by 
the transmit pointer (i.e., CQ(TP)) is empty. The 
answer is no and, at step 703, the transmitter serves 
the packet at the head of the line in the cycle queue 
pointed by the transmit pointer, i.e., cycle queue #0, 
507. Packet ji is transferred to the outgoing slot, CC(j) 
is decremented to 2 and another test is performed, at 
step 704, to check if the cycle queue pointed by the 
transmit pointer (i.e., CQ(TP)) is empty. The answer 
is no and, at step 703, the transmitter serves the 
packet at the head of the line in the cycle queue poin- 
ted by the transmit pointer, i.e., cycle queue #0, 507. 
Packet ki is transferred to the outgoing slot, CC(k) is 
decremented to 0 and another test is performed, at 
step 704, to check if the cycle queue pointed by the 
transmit pointer (i.e., CQ(TP)) is empty. The answer 
is no and, at step 703, the transmitter serves the 
packet at the head of the line in the cycle queue poin- 
ted by the transmit pointer, i.e., cycle queue #0, 507. 
Packet mi is transferred to the outgoing slot, CC(m) 
is decremented to 3 and another test is performed, at 
step 704 to check if the cycle queue pointed by the 
transmit pointer (i.e., CQ(TP)) is empty. The answer 
is no and, at step 703, the transmitter serves the 
packet at the head of the line in the cycle queue poin- 
ted by the transmit pointer, i.e., cycle queue #0, 507. 
Packet m 2 is transferred to the outgoing slot, CC(m) 
is decremented to 2 and another test is performed, at 
step 704, to check if the cycle queue pointed by the 
transmit pointer (i.e., CQ(TP)) is empty. The answer 
is yes and, in step 705, the transmitter increments the 
transmit pointer to TP=1, in step 706, and initiates the 
overflow queue sorter. 

FIG. 1 0 depicts the state of the system at the end 
of the first cycle. At step 801, the overflow queue sor- 
ter 51 0 starts its operation. A test is performed, at step 
802 to check if the overflow queue 510 is empty. The 
answer is no and, at step 803, the channel number of 
the head-of-the-line packet in the overflow queue (i.e.. 
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i) is read. A test is performed, at step 804, to check if 
CC(i)= 0. Since there are two packets from channel i 
in the cycle queues the answer is no, and anothertest 
is performed, at step 810, to check if CR(i)<PR(i). 
Since one packet from channel i has been placed in 
the cycle queue pointed by RP(i), CR(i)=PR(i)=1; the 
answer is no and another test is performed, at step 
811, to check if RP(i)=TP+2. Since RP(i)=2 and 
TP+2=3, the answer is no and step 809 is performed. 
RP(i) is incremented to three, CR(i) is assigned the 
value of one, packet U is placed in the cycle queue 
pointed by RP(i), which is cycle queue #0, 507. At step 
813 the value of CC(i) is incremented to 3 and the 
value of OC(i) is decremented to 3. Anothertest is per- 
formed at step 802 to check if the overflow queue, 51 0 
is empty. The answer is no and, at step 803, the chan- 
nel number of the head-of-th e-line packet in the over- 
flow queue (i.e., i) is read. A test is performed, at step 
804, to check if CC(i)=0. Since there are three packets 
from channel i in the cycle queues the answer is no, 
and another test is performed, at step 810, to check 
if CR(i)<PR(i). Since one packet from channel i has 
been placed in the cycle queue pointed by RP(i), 
CR(i)=PR(i)=1 ; the answer is no and another test is 
performed, at step 81 1 , to check if RP(i)=TP+2. Since 
RP(i)=3 and TP+2=3, the answer is yes and step 812 
is performed and the overflow queue sorter quits. 

FIG. 1 1 depicts the state of the system after the 
operation of the overflow queue sorter. The transmit- 
ter resumes operation, step 701, and checks, in step 
702, at the beginning of service epoch (i.e., beginning 
of an outgoing slot), if the cycle queue pointed by the 
transmit pointer (i.e., CQ(TP)) is empty. Since cycle 
queue #1 , 508, is not empty the answer is no and, at 
step 703, the transmitter serves the packet at the 
head of the line. Packet i 2 is transferred to the outgo- 
ing slot, CC(i) is decremented to 2 and another test is 
performed, at step 704, to check if the cycle queue 
pointed by the transmit pointer (i.e., CQ(TP)) is empty. 
The answer is no and, at step 703, the transmitter ser- 
ves the packet at the head of the line in the cycle 
queue pointed by the transmit pointer, i.e., #1, 508. 
Packet j 2 is transferred to the outgoing slot, CC(j) is 
decremented to 1 and another test is performed, at 
step 704, to check rf the cycle queue pointed by the 
transmit pointer (i.e., CQ(TP)) is empty. The answer 
is no and, at step 703, the transmitter serves the 
packet at the head of the line in the cycle queue poin- 
ted by the transmit pointer, i.e., #1, step 508. Packet 
m 3 is transferred to the outgoing slot, CC(m) is decre- 
mented to 1 and another test is performed, at step 
704, to check if the cycle queue pointed by the trans- 
mit pointer (i.e., CQ(TP)) is empty. The answer is no 
and, at step 703, the transmitter serves the packet at 
the head of the line in the cycle queue pointed by the 
transmit pointer, i.e., #1 , step 508. Packet m 4 is trans- 
ferred to the outgoing slot, CC(m) is decremented to 
0 and another test is performed, at step 704, to check 



if the cycle queue pointed by the transmit pointer (i.e., 
CQ(TP)) is empty. The answer is yes, and the trans- 
mitter increments the transmit pointer to TP=2, at step 
705, and initiates the overflow queue sorter at step 
5 706. 

FIG. 12 depicts the state of the system at the end 
of the second cycle. A test is performed, at step 802, 
to check if the overflow queue 510 is empty. The 
answer is no and, at step 803, the channel number of 
io the head-of-the-line packet in the overflow queue (i.e., 

i) is read. A test is performed, at step 804, to check if 
CC(i)=0. Since there are two packets from channel i 
in the cycle queues the answer is no, and another teat 
is performed, at step 810, to check if CR(i)<PR(i). 
is Since one packet from channel i has been placed in 
the cycle queue pointed by RP(i), CR(i)=PR(i)=1; the 
answer is no and another test is performed, at step 
811, to check if RP(i)=TP+2. Since RP(i)=3 and 
TP+2=4, the answer is no and step 809 is performed. 
20 RP(i) is incremented to four, CR(i) is assigned the 
value of one, packet is is placed in the cycle queue 
pointed by RP(i), which is cycle queue#!, 508. Atstep 
813, the value of CC(i) is incremented to 3 and the 
value of OC(i) is decremented to 2. Anothertest is per- 
25 formed, at step 802, to check if the overflow queue 
510 is empty. The answer is no and, at step 803, the 
channel number of the head-of-the-line packet in the 
overflow queue (i.e., i) is read. A test is performed, at 
step 804, to check if CC(i)=0. Since there are three 
30 packets from channel i in the cycle queues the answer 
is no, and another test is performed, at step 810, to 
check if CR(i)<PR(i). Since one packet from channel 
i has been placed in the cycle queue pointed by RP(i), 
CR(i)=PR(i)=1 ; the answer is no and another test is 
35 performed, at step 81 1, to check if RP(i)=TP+2. Since 
RP(i)=4 and TP+2=4, the answer is yes and step 812 
is performed and the overflow queue sorter quits. 

FIG. 13 depicts the state of the system after the 
operation of the overflow queue sorter. The transmit- 
40 ter resumes operation and checks, at the beginning of 
service epoch (i.e., beginning of an outgoing slot), at 
step 702, if the cycle queue pointed by the transmit 
pointer (i.e., CQ(TP)) is empty. Since cycle queue #0, 
507, is not empty the answer is no and, at step 703, 
45 the transmitter serves the packet at the head of the 
line. Packet i 3 is transferred to the outgoing slot, CC(i) 
is decremented to 2 and anothertest is performed, at 
step 704, to check if the cycle queue pointed by the 
transmit pointer (i.e. t CQ(TP)) is empty. The answer 
so is no and, at step 703, the transmitter serves the 
packet at the head of the line. Packet j 3 is transferred 
to the outgoing slot, CC(j) is decremented to 0 and 
another test is performed, at step 704, to check if the 
cyde queue pointed by the transmit pointer (i.e., 
55 CQ(TP)) is empty. The answer is yes, and the trans- 
mitter increments the transmit pointer to TP=3, at step 

705, and initiates the overflow queue sorter at step 

706. 
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FIG. 14 depicts the state of the system at the end 
of the third cycle. A test is performed, at step 802, to 
check if the overflow queue 51 0, is empty. The answer 
is no and, at step 803, the channel number of the 
head-of-the-line packet in the overflow queue (i.e., i) 5 
is read. A test is performed, at step 804 to check if 
CC(i)=0. Since there are two packets from channel i 
in the cycle queues the answer is no, and another test 
is performed, at step 810, to check if CR(i)<PR (i). 

Since one packet from channel i has been placed in io 
the cycle queue pointed by RP(i), CR(i)=PR(i)=1 ; the 
answer is no and another test is performed, at step 
811, to check if RP(i)=TP+2. Since RP(i)=4 and 
TP+2=5, the answer is no and step 809 is performed. 

RP(i) is incremented to five, CR(i) is assigned the is 
value of one, packet i« is placed in the cycle queue 
pointed by RP(i), which is cycle queue #2, 509. At step 
813, the value of CC(i) is incremented to 3 and the 
value of OC(i) is decremented to 1 . Another test is per- 
formed, at step 802, to check if die overflow queue 20 
510 is empty. The answer is no and, at step 803, the 
channel number of the head-of-the-line packet in the 
overflow queue (i.e., i) is read. A test is performed, at 
step 804, to check if CC(i)=0. Since there are three 
packets from channel i in the cycle queues the answer 25 
is no, and another test is performed, at step 810, to 
check if CR(i)<PR(i). Since one packet from channel 
i has been placed in the cycle queue pointed by RP(i), 
CR(i)=PR(i)=1; the answer is no and another test is 
performed, at step 81 1 , to check if RP(i)=TP+2. Since 30 
RP(i)=5 and TP+2=5, the answer is yes and step 812 
is performed and the overflow queue sorter quits. 

We next assume that a single packet from chan- 
nel j, j 6 , arrives to the receiver, at step 601 , and finds 
the system in the state as depicted in FIG. 15. A test 35 
is performed, at step 602, to check if OC(j)=0. Since 
there is one packet from channel j in the overflow 
queue, the answer is no and step 603 is performed; 
packet j 5 is placed in the overflow queue 510 and the 
value of OC(j) is incremented to 2. 40 

FIG. 16 depicts the state of the system after the 
operation of the overflow queue sorter 510 and a 
single packet arrival. The transmitter 512 resumes 
operation and checks, at the beginning of service 
epoch (i.e., beginning of an outgoing slot), at step 702, 45 

if the cycle queue pointed by the transmit pointer (i.e., 
CQ(TP)) is empty. Since cycle queue #0, 507 is not 
empty the answer is no and, at step 703, the transmit- 
ter 512 serves the packet at the head of the line. 
Packet i 4 is transferred to the outgoing slot, CC(i) is so 
decremented to 2 and another test is performed, at 
step 704, to check if the cycle queue pointed by the 
transmit pointer (i.e., CQ(TP)) 506 is empty. The 
answer is yes, and the transmitter increments the 
transmit pointer to TP=4, at step 705, and initiates the 55 

overflow queue sorter, at step 506. 

FIG. 1 7 depicts the state of the system at the end 
of the fourth cycle. A test is performed, at step 802, to 



check if the overflow queue 51 0 is empty. The answer 
is no and, at step 803, the channel number of the 
head-of-the-line packet in the overflow queue (i.e., i) 
is read. A test is performed, at step 804, to check if 
CC(i)=0. Since there are two packets from channel i 
in the cycle queues the answer is no, and another test 
is performed, at step 810, to check if CR(i)<PR(i). 
Since one packet from channel i has been placed in 
the cycle queue pointed by RP(i). CR(i)=PR(i)=1 ; the 
answer is no and another test is performed, at step 
811, to check if RP(i)=TP+2. Since RP(i)=5 and 
TP+2=6, the answer is no and step 809 is performed. 
RP(i) is incremented to five, CR(i) is assigned the 
value of one, packet i 7 is placed in the cycle queue 
pointed by RP(i), which is cycle queue #0, 507. At step 
813, the value of CC(i) is incremented to 3 and the 
value of OC(i) is decremented to 0. Another test is per- 
formed, at step 802, to check if the overflow queue 
510 is empty. The answer is no and, at step 803, the 
channel number of the head-of-the-line packet in the 
overflow queue (i.e., j) is read. A test is performed, at 
step 804 to check if CC(j)=0. Since there are no pack- 
ets from channel j in the cycle queues the answer is 
yes, and another test is performed, at step 805, to 
check if RP(j)=TP. Since RP(j)=2 and TP=4, the 
answer is no and step 806 is performed; RP(j) is set 
to 4, CR(j) is set to 1 and the packet j 4 is placed in the 
cycle queue pointed by RP(j). At step 813, OC(j) is 
decremented to 1 and CC(j) is incremented to 1. 
Another test is performed, at step 802, to check if the 
overflow queue 510 is empty. The answer is no and, 
at step 803, the channel number of the head-of-the- 
line packet in the overflow queue 510 (i.e., j) is read. 
A test is performed, at step 804, to check if CC(j)=0. 
Since there is one packet from channel j in the cycle 
queues the answer is no, and another test is perfor- 
med, at step 810, to check if CR(j)<PR(j). Since one 
packet from channel j has been placed in the cycle 
queue pointed by RP(j), CR(j)=PR(j)=1; the answer is 
no and another test is performed, at step 8 1 1 , to check 
if RP(j)=TP+2. Since RP(j)=4 and TP+2=6, the 
answer is no and step 809 is performed. RP(j) is incre- 
mented to five, CRfl) is assigned the value of one, 
packet j 5 is placed in the cycle queue pointed by RP(j), 
which is cycle queue #2, 509. At step 813, the value 
of CC(j) is incremented to 2 and the value of OC(j) is 
decremented to 0. A test is performed, at step 802, to 
check if the overflow queue 510 is empty. The answer 
is yes and, at step 812, the overflow queue sorter 
quits. 

FIG. 1 8 depicts the state of the system after the 
operation of the overflow queue sorter 510. The trans- 
mitter 512 resumes operation and checks, at the begi- 
nning of service epoch (i.e., beginning of an outgoing 
slot), at step 702, if the cycle queue pointed by the 
transmit pointer 506 (i.e., CQ(TP)) is empty. Since 
cycle queue #1, 508 is not empty the answer is no 
and, at step 703, the transmitter 512 serves the 
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packet at the head of the line. Packet i 5 is transferred 
to the outgoing slot, CC(i) is decremented to 2 and 
another test is performed, at step 704, to check if the 
cycle queue pointed by the transmit pointer 506 (i.e., 
CQ(TP)) is empty. The answer is no and, at step 703, 5 

the transmitter serves the packet at the head of the 
line. Packet h is transferred to the outgoing slot, CC(j) 
is decremented to 1 and another test is performed, at 
step 704, to check if the cycle queue pointed by the 
transmit pointer 506 (i.e., CQ(TP)) is empty. The io 
answer is yes, and the transmitter increments the 
transmit pointer to TP=5 at step 705 and initiates the 
overflow queue sorter at step 706. 

FIG. 1 9 depicts the state of the system at the end 
of the fifth cycle. A test is performed, at step 802, to is 
check if the overflow queue 51 0 is empty. The answer 
is yes and, at step 812, the overflow queue sorter 
quits. The transmitter resumes operation and checks, 
at the beginning of service epoch (i.e., beginning of an 
outgoing slot), step 702, if the cycle queue pointed by 20 
the transmit pointer (i.e., CQ(TP)) is empty. Since 
cycle queue #2, 509 is not empty the answer is no 
and, at step 703, the transmitter 512 serves the 
packet at the head of the line. Packet i 6 is transferred 
to the outgoing slot, CC(i) is decremented to 1 and 25 
another test is performed, at step 704, to check if the 
cycle queue pointed by the transmit pointer 506 (i.e., 
CQ(TP)) is empty. The answer is no and, at step 703, 
the transmitter 512 serves the packet at the head of 
the line. Packet j s is transferred to the outgoing slot, 30 
CC(j) is decremented to 0 and another test is perfor- 
med, at step 704, to check if the cycle queue pointed 
by the transmit pointer (i.e., CQ(TP)) is empty. The 
answer is yes, and the transmitter increments the 
transmit pointer 506 to TP=6 at step 705 and initiates 35 
the overflow queue sorter at step 706. 

FIG. 20 depicts the state of the system at the end 
of the sixth cycle! A test is performed, at step 802, to 
check if the overflow queue 51 0 is empty. The answer 
is yes and, at step 812, the overflow queue sorter 40 
quits. The transmitter 512 resumes operation and 
checks, at the beginning of service epoch (i.e., begi- 
nning of an outgoing slot), at step 702, if the cycle 
queue pointed by the transmit pointer 506 (i.e., 
CQ(TP)) is empty. Since cycle queue #0, 507 is not 45 
empty the answer is no and, at step 703, the transmit- 
ter 512 serves the packet at the head of the line. 
Packet i 7 is transferred to the outgoing slot, CC(i) is 
decremented to 0 and another test is performed, at 
step 704, to check if the cycle queue pointed by the so 
transmit pointer 506 (i.e., CQ(TP)) is empty. The 
answer is yes, and the transmitter increments the 
transmit pointer to TP=7 at step 705 and initiates the 
overflow queue sorter at step 706. 

Finally, the system becomes empty. The overflow 55 
queue sorter, at step 802, finds the overflow queue 
510 empty and quits at step 812. The transmitter 
resumes operation, at step 702, and repeats this 



check until arrivals occur. 

Thus, the order of departures after the packets 
joined the system was: i lf j 1t k 1t m 1f m* (in the first 
cycle); i 2 , h, n^, rr^, (in the second cycle); i 3 , j 3 , (in the 
third cycle); i 4 , (in the fourth cycle); i 6 , j 4 , (in the fifth 
cycle); i 6 , j 5 , (in the sixth cycle); i 7t (in the seventh 
cycle). The order of departures without the distortions 
caused by the overflow queue would be: i 1# j 1f k 1f mi, 
m 2 ,(in the first cycle); i 2 , j 2 , rr^, rru, (in the second 
cycle); i 3 , ja, (in the third cycle); i 4 , j 4 , (in the fourth 
cycle); i 5 , j 6 , (in the fifth cycle); ie, (in the sixth cycle); 
i 7 , (in the seventh cycle). Notice that packets j 4 and js 
missed a cycle. Batches longer than the number of 
cycle queues could have some of their packets mis- 
sing cycles. This effect may or may not be beneficial. 
The choice of the number of cycle queues, 507-509, 
as well as their sizes should be driven by engineering 
and performance guidelines. 

The invention can be applied for serving packets 
at trunks in a slotted packet data network. It can also 
be applied in other environments that need effective 
scheduling processes such as in a multi-task/multi- 
user computer system. In the case of a slotted packet 
data network, it requires each packet to carry a chan- 
nel identifier or some information that can be mapped 
into a channel identifier. In case of a computer sysr 
tern, it requires each process to have an identification 
number. 

Thus, what has been describecf is merely illustra- 
tive of the application of the principles of the present 
invention. Other arrangements and methods can be 
implemented by those skilled in the art without depart- 
ing from the present invention. It should be noted that 
the choice of the number of cycle queues as well as 
the sizes of the cycle queues and overflow queue 
should be selected based on engineering and per- 
formance requirements. 



Claims 

1- Circuit apparatus for interfacing a received 
multichannel data signal to a communication fa- 
cility, said data signal including a number of data 
batches, each data batch having been received 
over one of the multiple data channels and each 
data batch including one or more data packets, 
said apparatus characterized by 

a sorter means for sorting information 
identifying one or more data packets of each data 
batch, into one or more of a plurality of N cycle 
queues such that for each data batch no infor- 
mation identifying more than a predetermined 
number P of data packets from a particular chan- 
nel is inputted into each cycle queue and 

a memory server means for cyclically serv- 
ing each cycle queue exhaustively to said facility. 
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2. The apparatus of claim 1 further characterized by 

a memory unit including said N cycle 
queues. 

3. The apparatus of claim 1 characterized in that 

said sorter means sorts said information 
into an overflow queue after each cycle queue is 
saturated, such that ail cycle queues are full or 
each cycle queue contains information identifying 
no more than P data packets from a particular 
channel, and characterized in that said sorter 
means subsequently sorts said information con- 
tents of said overflow queue sequentially into one 
or more cycle queues such that no information 
identifying more than P data packets from a par- 
ticular data channel is inputted into one or more 
cycle queues. 

4. The apparatus of claim 3 characterized in that 
said sorter means sorts said information of said 
overflow queue into at least a first cycle queue 
after said first cycle queue has been served by 
said server means and before another cycle 
queue has been served by said server means. 

5. The apparatus of claim 3 characterized by an 
overflow counter (OC) for counting for each chan- 
nel the number of data packets stored in said 
overflow queue. 

6. The apparatus of claim 1 characterized in that 
once said sorter means has sorted information 
from a particular channel into said overflow 
queue, no subsequent information from said par- 
ticular channel is stored in one of said N cycle 
queues until said overflow queue has been 
emptied of information from said particular chan- 
nel. 

7. The apparatus of claim 1 characterized by a 
receive pointer (RP) for specifying for each chan- 
nel the cycle queue in which information should 
be stored, said receiver pointer being incremen- 
ted each time said sorter means sorts to another 
cycle queue; 

a transmit pointer (TP) for indicating the 
cycle queue that is currently being served by said 
memory server means, said transmit pointer 
being incremented each time said memory server 
means serves another cycle queue; and 

characterized in that said receive pointer 
and said transmit pointer each reset when they 
reach the count M, where M is an integer multiple 
of N. 

8. The apparatus of claim 1 characterized by a 
priority register (PR) for specifying for each chan- 
nel the number P of data packets that should be 



sorted into each cycle queue, wherein the higher 
the number P for a channel the higher the data 
transmission rate for that channel relative to other 
channels. 

5 

9. A method of interfacing a received multichannel 
. data signal to a communication facility, said data 
signal characterized by a number of data 
batches, each data batch having been received. 
io over one of the multiple data channels and each 

data batch including one or more data packets, 
said method characterized by the steps of 

sorting information identifying one or more' 
data packets of each data batch into one or more 
is of a plurality of cycle queues such that for each 

. data batch no information identifying more than a 
predetermined number of P data packets from a 
particular channel is inputted into each cycle 
queue, and 

20 cyclically serving each cycle queue 

exhaustively to said facility. . 

IQ. The method of claim 9 characterized in that said 
sorting step further sorts said information into an 
25 overflow queue after each cycle queue is satu- 

rated, such that all cycle queues are full or each 
cycle queue contains information identifying no 
more than P data packets from a particular chan- 
nel, and characterized in that said sorting step 
30 subsequently sorts said information contents of 

said overflow queue sequentially, such that no 
information identifying more than P data packets 
from a particular data channel is inputted into one 
or more cycle queues. 

35 

11. The method of claim 9 characterized in that said 
sorting step includes the steps of 

determining when a selected cycle queue 
being served is full, and 

40 storing information, identifying one or 

more data packets of said received data, into 
another cycle queue, said information being that 
which otherwise would have been stored in the 
full cycle queue. 

45 . 
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0 This invention is a method of and apparatus 
for implementing a service scheduling discip- 
line to enable data devices efficient access to 
data resources. This method is based on sorting 
the received incoming data to a plurality of 
cycle queues (507-509) and transmitting date by 
sequentially serving each cycle queue exhaus- 
tively. Date that cannot be placed in the cycle 
queues is temporarily placed in an overflow 
queue (510). The overflow queue date is subse- 
quently sorted into the cycle queues and trans- 
mitted. 
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